Background-Abuse liability assessments influence drug development, federal regulation, and clinical care. One suggested procedure to reduce variability of assessments is a qualification phase, which assesses whether study applicants adequately distinguish active drug from placebo; applicants failing to make this distinction are disqualified. The present analyses assessed differences between qualification phase qualifiers and non-qualifiers.
INTRODUCTION
The Food and Drug Administration (FDA) considers an assessment profile to determine the proper scheduling of a new drug. This profile includes pre-clinical, human subject, pharmacokinetic, and overdose data (Schoedel and Sellers, 2008) . Human subject data include abuse liability testing. Draft FDA guidelines have been created for investigators and reviewed in previous publications (e.g., Balster and Bigelow, 2003) ; a recent revision provides specific abuse liability procedure guidelines (CDER, 2010) . Without standardized procedures, variation in abuse liability testing could occur, which could introduce variability in abuse liability testing results.
Methodology recommendations exist which could improve abuse liability testing (McColl and Sellers, 2006) . One recommendation is the use of a qualification phase, intended to ensure that each study participant can adequately differentiate the test drug from placebo (Schoedel and Sellers, 2008) . Abuse liability assessment studies ideally enroll experienced, non treatment-seeking drug abusers (Griffiths et al., 2003) . Expert consensus, as reflected in guideline recommendations, identifies experienced drug abusers as more likely to provide meaningful, lower false positive ratings, and lower false negative results than non-drugabusers. Once participants are enrolled, physiologic, subjective and observer ratings are gathered after randomized, within-subject administration of a placebo and a compound of known abuse liability within a class resembling the compound under investigation. Qualification phases use these ratings to confirm that each participant adequately distinguishes active drug from placebo before proceeding into the main study.
This paper presents results from the qualification phase of an abuse liability study. These analyses aimed to determine the distinguishing characteristics between qualifying and nonqualifying participants with active opioid abuse histories, and to determine the consistency of non-qualifying participants' drug responses across subjective, observer, and physiological measures.
METHODS

Participants
26 residential research unit participants entered into the two-day qualification phase of an abuse liability study (Tompkins et al., 2010) . Participants were non-dependent polydrug abusers with recent illicit opioid use, but no more than 20 days of use within the thirty days preceding enrollment. Participants were between the ages of 18-65 and in good health (determined by medical history and physical examination). Women were either postmenopausal or on birth control. Applicant exclusion occurred in cases of study condition non-compliance, pregnancy, opioid withdrawal signs, allergies to opioids, prescription medication use within 7 days of study enrollment, or over-the counter medication use within 2 days of study enrollment. Participants provided negative urine drug tests, urine pregnancy tests, and blood alcohol levels before enrollment. Participants refrained from alcohol and grapefruit/grapefruit juice twenty-four hours before enrollment, refrained from caffeine and xanthine products during the study, and abstained from nicotine beginning 1 hour before test dosing and until 4 hours after study drug dosing each day.
Study Procedure
The main residential abuse liability study used a randomized, seven-way crossover, double blind, active and placebo controlled design (Tompkins et al., 2010) . The primary study goal was to compare subjective effects of a novel opioid agonist/antagonist combination product to the subjective effects of oxycodone alone. Secondary goals were to determine safety and physiologic profiles of single doses of this novel compound. The present report provides analyses of data from the qualification-phase. Each participant received oral challenge doses of 30 mg of oxycodone or placebo on two separate days in a double-blinded, randomized fashion.
Measures
Demographic data (age; gender; race; weight; height; body mass index [BMI]; past drug use [30-day and total lifetime years] of opioids, cocaine, benzodiazepines, alcohol, and cannabis) were collected. Physiologic measurements (pupil diameter and vital signs [heart rate; blood pressure; respiratory rate; oxygen saturation]) were recorded 30 minutes before drug administration, 30 minutes after drug administration, and at 30 minutes intervals thereafter, up to 3.5 hours. Pupil size was chosen as a physiologic measure because it is a sensitive index of opioid agonist effects (Murray et al. 1983 ). Subject and observer ratings were recorded at each timepoint. Subject ratings included opioid agonist effects (itchy skin; turning of stomach; nodding; relaxed; pleasant sick; talkative; heavy or sluggish feeling; dry mouth; active; carefree; drunken; good mood; energetic) and antagonist effects (sleepy; flushing; sweating; watery eyes; runny nose; chills; shaky; gooseflesh; restless; agitated). Observer ratings (nodding; scratchy; magnitude of drug effect; restlessness; talkative; sleep/ sedated; energetic; irritable; friendly; vomiting; drunken; nervous) were collected. Ratings were on 5-point scales with zero indicating "not at all" and four indicating "extremely." Subjects also completed 100-point visual analog scales (VAS) ratings (any drug effect; high; good effects; bad effects; liking; sick) at post-dosing time points. To qualify for the main abuse liability phase of the study, a participant's peak VAS liking rating for the active drug needed to be at least 20 points higher than the corresponding rating for placebo.
Data Analysis
Categorical and continuous demographic data were compared between the two groups using Fisher's exact tests and t-tests respectively. Time-course analyses were conducted which included between drug condition and between group t-test comparisons of the average ratings at each timepoint and times-to-peak for each variable. Dose agonist effects were described calculating the sum of the subject agonist ratings and the sum of observer agonist ratings at each timepoint. Peak agonist effects were described using the peak change from baseline for each measure; however, as there was no baseline for VAS scales, the peak VAS rating was used for these measures. The peak change for each measure was compared between drug conditions and between groups using a repeated measures regression model with planned comparisons. ANCOVAs were then performed on these comparisons using lifetime and 30-day opioid use as covariates. An ANOVA was also performed to determine the order effect of drug administration (oxycodone on the first qualification day versus placebo) on the peak change for pupil size, liking, subject agonist sum, and observer agonist sum.
RESULTS
Participant Characterstics
Three of the initial 26 enrollees were disqualified; one was unable to complete the qualification phase due to acute health problems and two were disqualified due to missing data. Of the remaining 23 participants, those with an oxycodone liking score 20 points or greater than their placebo liking score were designated "qualifiers" (n=14); others were designated "non-qualifiers" (n=9). The 20-point difference was pre-specified and was based upon a review of historical data from other studies that had examined the relative magnitude of effects produced by mu agonist opioids.
Both groups were predominantly males (89% of non-qualifiers, 93% of qualifiers [p=1.0]). Groups reported similar demographics and 30-day drug use histories. There was a statistical trend towards qualifiers having longer lifetime drug use histories 1 . However, the pattern of ANCOVAs performed using lifetime and 30-day opioid use as covariates was generally the same as similar analyses that did not account for these covariates. Of the 28 comparisons that were significant (Table 1) in the original analysis, four of the 28 changed to trends to significance (i.e., were initially p<0.05, and now <0.10) in the re-analysis. Given these findings, opioid use differences did not appear to have a significant effect on pupillary constriction responses and ratings outcomes.
Time Course
Before dosing, both groups had similar baseline pupil diameters, vital signs, and subject and observer agonist ratings (VAS measures were not assessed at baseline). The qualifier's time course analysis (right column of figure 1) demonstrated a significantly greater response for active versus placebo conditions for pupil size, VAS liking rating, subject agonist, and observer agonist ratings at all time points after dose administration, except at 0.5 hours for the subject agonist ratings.
Both groups demonstrated greater pupil constriction in the active versus placebo condition at all post-drug time points (figure 1, top panels), and had similar vital sign values in both drug session conditions at all timepoints. Of the physiological indices, only pupil diameter showed sufficient effect to warrant further comparison of the drug-versus-placebo response of qualifiers and non-qualifiers. Despite similar physiological responses, the non-qualifiers differed markedly from qualifiers in subjective and behavioral responses as assessed with the VAS liking rating, subject agonist, and observer agonist ratings (Drug x Group interactions for these measures were statistically significant: p<0.0001, p=0.019, and p=0.002, respectively). At no timepoint did non-qualifiers' drug response for any of these measures significantly exceed their placebo response.
Peak Values
Both groups had similar peak pupil constriction responses in the active oxycodone condition and a similar absence of pupil constriction in the placebo condition (table 1) . Despite a similar objective physiological response, non-qualifiers had an exaggerated subjective response to placebo and an attenuated subjective response to oxycodone. Non-qualifiers' peak VAS liking rating of placebo was 26 points higher than that of qualifiers (Table 1; p=0.031); and conversely, their peak VAS liking rating of oxycodone was 58 points lower than that of qualifiers (table 1; p<0.0001). Non-qualifiers also had lower peak oxycodone change from baseline ratings than qualifiers on both the subject agonist and observer agonist ratings (table 1; 5 points lower, p=0.024; and 3 points lower, p=0.01, respectively). There was no effect of order for drug administration on the selected variables.
DISCUSSION
A large proportion (39%) of qualification phase completers failed to differentiate between oxycodone and placebo based on the criteria of a 20-point difference on the VAS liking ratings. This difference appears to result from both an attenuated oxycodone response but also an exaggerated response to the placebo condition. A previous study that conducted abuse liability qualification-phases with different criteria demonstrated an identical failure rate (39%; Busto et al., 1999) while another study with more stringent qualification criteria demonstrated a substantial failure rate (26%; Setnick et. al, 2011) . These rates of failure to differentiate suggest that opioid abuse liability studies should include qualification-phase verification of participants' ability to differentiate adequately between active drug and placebo, even in target groups that have a history of opioid use disorders. Excluding nonqualifiers from abuse liability evaluations may improve the sensitivity and/or validity of testing.
The failure to differentiate was not just a failure to answer questionnaires properly; observers similarly failed to note intoxication differences between active drug and placebo. Observers necessarily rely on the behavior and appearance of participants in making their assessments. Observer ratings confirm that non-qualifiers did not appear differentially intoxicated in the active versus placebo sessions. The differential drug-versus-placebo response of non-qualifiers was limited to the study's subjective and behavioral measures; physiological responses did not differentiate the groups. Future research may further refine the specific measures and cut-off criteria that are most sensitive and cost-effective for qualification purposes.
The different subjective responses of qualifiers and non-qualifiers to the oxycodone condition highlight the fact that time courses for developing tolerance to subjective vs. physiologic [pupil diameter] effects can vary. Therefore, tolerance cannot be categorically eliminated as an explanation for the reported findings. The similarity of the two groups' drug use histories and pupillary constriction responses to oxycodone and the exaggerated placebo response in non-qualifiers raises the likelihood of a multi-factorial explanatory model. In addition to tolerance, non-qualifier responses may also be influenced by nonpharmacological factors such as personality and the environment, factors that have been noted to potentially influence other effects of opioids (Mintzer and Stitzer, 2002; Mintzer et al., 2005) . Future research on this phenomenon may want to examine such factors as cytochrome P450 activity (Stamer et al., 2005) and pain sensitivity (Tompkins and Campbell, 2011) , and certainly needs to explore the etiology and development of failure to differentiate active drug from placebo, whether the failure to differentiate is trait-like or state-like (i.e., persistent across time and circumstances, or fluctuating with current circumstances).
Beyond implications to abuse liability qualification phase methodology, the present study documents a phenomenon deserving study in its own right: the failure of a substantial proportion of drug abusers to differentiate active drug from placebo. This phenomenon is not limited to opioids. Evidence exists that some drug abusers fail to differentiate between placebo and amphetamine (Shram et al., 2011; Johanson et al., 1998) , and similarly sedatives (DeWit and Griffiths, 1991) . Future studies may examine other drug classes (e.g., cannabinoids) for this phenomenon and attempt to determine if the current results would be replicated in prescription opioid abusers (vs. the mixed prescription opioid and heroin users in the present study).
Though the present analyses focused on persons unable to distinguish active drug from placebo, evidence exists that many drug users are able to make this distinction under training conditions (e.g., human drug discrimination studies; for example, see: Preston and Bigelow, 2000) . These drug discrimination study findings may reflect participants trained to distinguish conditions. This study highlights how even experienced drug users may not be able to discriminate active drug from placebo. Further research on factors that distinguish qualifiers from non-qualifiers, and the etiologies of these group differences may be valuable and enlightening. Non-qualifier and qualifier time-course graphs of the oxycodone and placebo conditions for the main variables assessed in the study's qualification phase. Asterisks (*) signify withingroup difference between oxycodone and placebo conditions. Table 1 Baseline and peak values with planned comparison statistics 
